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PROBLEM TO BE SOLVED: To provide an optical 
member which has an optical thin film formed, which 
has moisture resistance, which can maintain good 
optical characteristics in a UV region of <200 nm 
wavelength for a long time. 
SOLUTION: This optical member consists of a 
substrate 1 and an optical thin film for UV region 
comprised of a high refractive index layer and a low 
refractive index layer on the substrate. The difference 
of refractive index between the high refractive index 
layer and low refractive index layer is ^0.27, and 
either of the materials has a large solubility in water. 
At least the material of the outermost layer is 
modified to have a small solubility in water and a high 
density. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not franslated. 



CLAIMS 

[Claim(s)] 

[Claim 1]Whlle being the characteristic characterized by comprising the following that are 
an optical member, refractive index difference of said high refractive index layer or said low 
refractive index layer is 0.27 or more, and one of materials has big solubility to water, An 
optical member characterized by material of the outemnost layer having small solubility to 
water, and canying out refining of the density with high density at least. 
A substrate. 

An optical thin film for ultraviolet regions which consists of a high refractive index layer 
formed on said substrate, and a low refractive index layer. 

[Claim 2]Material of a high refractive index layer Fluoridation neodymium (NdF3), a 
fluoridation lantern (LaF3), Fluoridation gadolinium (GdFS), a fluoridation dysprosium 
(DyFS), an aluminum oxide (aluminum203), lead fluoride (PbF2), and oxidation hafnium 
(Hf02) -- and, They are one or more ingredients chosen from a group of these mixtures or 
a compound. Material of said low refractive index layer Aluminum fluoride (AIF3), the Cryo 
light (Na3AIF6), Magnesium flux (MgF2), specific fluoride (NaF), lithium fluoride (LiF), The 
optical member according to claim 1 being one or more ingredients chosen from a group of 
calcium fluoride (CaF), barium fluoride (BaF2), strontium fluoride (SrF3), silicon oxide 
(Si02), Thiola Ito (Na5aluminum3F14) and these mixtures, or a compound. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the optical member in which the usable 

optical thin film was formed in the ultraviolet region (200 nm or less). 

[0002] 

[Description of the Prior Art]ln recent years, since the degree of location of a semiconductor 
device is increased, the demand of high-resolving-power-izing of the reduced-projection- 
exposure device for semiconductor manufacture (stepper) is increasing. As one method of 
raising the resolution of the photo lithography by this stepper, the short wavelength 
formation of light source wavelength is mentioned. 

[0003]These days, utilization of the stepper who could oscillate the light of the short 
wavelength region from the mercury lamp, and used high power laser as the light source 
has started. Here, a KrF excimer laser (lambda= 248 nm), an ArF excimer laser (lambda= 
193 nm), etc. are among the excimer lasers which are light sources. In the optical system of 
the stepper who used laser as the light source, in order to reduce a light volume loss, a 
flare ghost, etc. by surface reflection of optical elements, such as a lens, it is necessary to 
form an antireflection film and the mirror (reflective increase film) for optical-path bending. 
[0004]When the large film substance of absorption and the low film substance of laser-proof 
nature constitute an optical thin film (an antireflection film and a mirror) to light with a 
wavelength of 200 nm or less, it becomes easy to cause substrates face change, film 
destruction, etc. by a light volume loss and absorption generation of heat by absorption 
here. For this reason, as a film substance used for the optical thin film formed in optical 
elements, such as a lens, what has low absorption and laser-proof [ quantity ] nature is 
desirable. 

[0005]Although the film substances which can be used on the wavelength of 200 nm or less 
are a fluoride mainly like magnesium fluoride (MgF^), and some oxides (aluminum oxide 

(aluminum^Og) silicon dioxide (SiO^)). An optical property becomes good from a viewpoint 
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Of designing an optical thin film, so that the refractive index difference of a high refractive 
index substance and plantar-flexion chip box substance both is large. By the high refraction 
substance, it turns out especially with the fluoridation lantern (LaFg) and the plantar-flexion 
chip box substance that use of aluminum fluoride (AIF3), the Cryo light (NagAIFg), etc. is 
effective. 

[0006]When forming this optical thin film, the vacuum deposition method etc. which are 
physical methods for film deposition as a simple method, and fomn membranes in a vacuum 
atmosphere have been used. 
[0007] 

[Problem(s) to be Solved by the !nvention]However, the most had a columnar structure and 
the optical thin film formed by the conventional vacuum deposition method was low-density. 
This is the cause which diffuses the moisture etc. which adhered on the surface of the 
multilayer film inside, even if it uses an advantageous thin film material for the outermost 
surface of a multilayer film to an operating environment, the corrosion in an inside will 
advance, and devitrification of a thin film, etc. occur. 

[0008]lf the influence is remarl<able, a dissolution deposit of the crystal by surface 
adsorption, internal diffusion, etc. of moisture occurs and it irradiates with ultraviolet rays in 
such a situation especially when the optical thin film material with big solubility to water 
which is mentioned later is used, The reaction in the layer the surface and near the surface 
will be promoted, and an oxide with a big crystal grain diameter, etc. will arise. As an optical 
thin film material which has big solubility to water, aluminum fluoride (AIF3), the Cryo light 

(Na AIF ), etc. are mentioned, and the above-mentioned aluminum fluoride has the 

solubility (25 **) of about 0.5 g to 100 g of water. 

[0009]When such a thin film material is used, it is possible to lessen moisture for the 
environment to be used using dry nitrogen etc., but it is not easy to attain the environment 
of the moisture 0 thoroughly. Therefore, as for an optical thin film material, it is preferred 
that it is solubility smaller than about 0.01 g to 100 g of water. However, from the relation of 
a refractive index, even if it has big solubility (solubility to water: 0.01 g or more) to water in 
this way, it is used in order to satisfy the optical characteristic. The example is shown 
below. To drawing 6 , by the optical thickness 0.25 lambda, to water by an insoluble 
fluoridation lantern (high refractive index layer n= 1.69) and the optical thicl<ness 0.25 
lambda. The spectral characteristic figure of multilayer film mirrors (the 1st example) with a 
center wavelength of 193.4 nm which consists of refractory magnesium flux (low refractive 
index layer n= 1.42) to water is shown. The spectral characteristic figure of multilayer film 
mirrors (the 2nd example) with a center wavelength of 193.4 nm which serves as a 
fluoridation lantern (high refractive index layer n= 1 .69) of the optical thickness 0.25 lambda 
from meltable aluminum fluoride (low refractive index layer n= 1 .39) to water by the optical 
thickness 0.25 lambda is shown in drawing 7 . In 193.4 nm, reflectance may be 98% and a 
direction when the material which has big solubility from drawing 6 t o water in 193.4 nm so 
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that it may understand from reflectance being not less than 99% is used may have a 
spectral reflectance higher than drawing 6 . 

[0010]However, if it continues using the minror which consists of this fluoridation lantern _ 
(high refractive index layer) and aluminum fluoride (low refractive index layer) under the 
environment having contained humidity, For example, becoming reflectance characteristics 
as shown in drawing 8 is expected, and that such a mirror is used into a stepper's optical 
system leads to decline in exposure efficiency. Then, this invention is made in view of such 
a conventional problem, and is a thing. 

the purpose - and it is providing the optical member in which the optical thin film which can 
maintain a good optical property in an ultraviolet region of 200 nm or less for a long period 
of time was formed. 

[0011] 

[Means for Solving the Problem]An optical thin film for ultraviolet regions in which this 
invention becomes in the first place from "board, and a high refractive index layer fomied 
on said substrate and a low refractive index layer. While being an optical member which 
****, refractive index difference of said high refractive index layer or said low refractive 
index layer being 0.27 or more and one of materials being the characteristics of having big 
solubility to water. At least, material of the outemnost layer has small solubility to water, and 
an optical member (claim 1), wherein refining of the density is earned out with high density" 
is provided. Material of "high refractive index layer this invention to the second Fluoridation 
neodymium (NdF3), A fluoridation lantern (LaF3). fluoridation gadolinium (GdF3), a 
fluoridation dysprosium (DyFS), an aluminum oxide (aluminum203), lead fluoride (PbF2), 
and oxidation hafnium (Hf02) - and, They are one or more Ingredients chosen from a 
group of these mixtures or a compound. Material of said low refractive index layer 
Aluminum fluoride (AIF3), the Cryo light (Na3AIF6), Magnesium flux (MgF2), specific 
fluoride (NaF), lithium fluoride (LiF), Calcium fluoride (CaF), barium fluoride (BaF2), 
strontium fluoride (SrF3), The optical member (claim 2) according to claim 1 being one or 
more ingredients chosen from a group of silicon oxide (Si02), Thiola Ito 
(Na5aluminum3F14) and these mixtures, or a compound" is provided. 
[0012] 

[Embodiment of the lnvention]Hereafter, the optical member of an embodiment of the 
invention is explained, referring to drawings. The optical member of an embodiment is 
composition which consists of the reforming layer 3 formed on the substrate 1, the non- 
refining multilayer film 2 formed on this board 1, and this non-refining multilayer film 2. The 
non-refining multilayer film 2 consists of a high refractive index layer and a low refractive 
index layer, and one of materials has big solubility to water (only henceforth an existing 
deliquescent material). 

[0013]The reforming layer 3 is the high refractive index layer or low refractive index layer by 
which refining was carried out with high density, and this material has small solubility to 
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water (henceforth the material which does not only have deliquescence). As for the 
refractive index difference of a high refractive index layer and a low refractive index layer, it 
is preferred that it is 0.27 or nnore. It is because there will be no meaning which dares to 
use an existing deliquescent material from a viewpoint of an optical property if 0.27 or more 
refractive index differences cannot be found. 

[0014]Hereafter, the manufacturing method of the optical member of the embodiment of this 
invention is explained. Drawing 2 is a mimetic diagram of the vacuum evaporator for ion 
beam assist method used with the manufacturing method of the optical member of the 
embodiment concerning this invention. In the vacuum chamber 21 of the vacuum 
evaporator shown in drawing 2 . the deposition source (resistance heating boat) 22 and the 
substrate 1 to which the deposition material 23 is paid are held, and it has the substrate 
holder 26 in which rotation and revolution are possible, the ion source 29 in which the gas 
introducing pipe 28 was formed, and the exhaust port 27. 

[0015]Although Ar ion is mainly used as ion irradiated from this ion gun, it does not this[ in 
particular ]-limit, in addition Xe. F^, etc. are used. In order to make a film loss small as 

2 2 

much as possible, as irradiation energy of an ion beam, about 1microA/cm - 7microA/cm 
are preferred. First, after cleaning ultrasonically by preparing the quartz glass substrate 1 , it 
sets to the substrate holder 26 provided in the vacuum chamber 21, evacuation is carried 

out to 5x10'® - 5x10 "'^ton-, and the substrate 1 is heated to about 200-400 **. 
{0016]Carried out heating evaporation of the deposition material 23 placed by the 
deposition source 22, it was made to disperse towards the substrate 1 , and the non-refining 
multilayer film 2 was formed on the substrate 1. Next, carry out heating evaporation of the 
deposition material 23 without the deliquescence placed by the deposition source 22, and 
make it disperse towards the substrate 1 , and. The ion beam pulled out in xenon fluoride 
(XeFg, XeF^) from the ion source 29 into which gas was introduced is turned to the 

substrate 1 , it irradiates with it, and the reforming layer 3 is formed on the substrate 1 . 
[0017]Here, although XeF^, XeF^, and XeFg are mentioned as xenon fluoride, since 

reactivity is very high, since even silica glass reacts as follows, XeFg cannot be used, for 
example. 

It is preferred independence or to mix and to use Si02+2XeFg=2XeOF4+SiF4 therefore 
XeF2, and XeF^. 

[0018]lf the reforming layer 3 which consists of material without deliquescence is further 
shown in the outermost layer at least, invasion of moisture can be prevented (play a role of 
a protective film), and an existing deliquescent material can be prevented from dissolving. 
The reforming layer 3 may be a multilayer film which consists of a high refractive index 
layer without deliquescence, and a low refractive index layer, and can play a role of in this 
case more sufficient protective film. 
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[0019]The total pressure in a membrane formation process has the preferred range of 1x10" 
^Torr - 3x10 '^orr. As explained above, in the optical thin film system by the fluoride thin 
film formed by the manufacturing method of the embodiment, it becomes possible to lose 
appearance change of devitrification by an operating environment, etc. 
[0020]As a material of the low refractive index layer which has a refomning layer used, They 
are one or more ingredients chosen from the group of magnesium flux (MgF2), lithium 
fluoride (LiF), calcium fluoride (CaF), barium fluoride (BaF2). strontium fluoride (SrF3), 
silicon oxide (Si02) and these mixtures, or a compound. As a material of a high refractive 
index layer used for a refomning layer. Fluoridation neodymium (NdFS), a fluoridation 
lantern (LaFS), fluoridation gadolinium (GdFS). They are one or more ingredients chosen 
from the group of a fluoridation dysprosium (DyFS). an aluminum oxide (aluminum203), 
lead fluoride (PbF2), oxidation hafnium (Hf02) and these mixtures, or a compound. 
[0021]As a material of a low refractive index layer used for a non-reforming layer, materials 
are one or more ingredients chosen from the group of aluminum fluoride (AIF3), the Cryo 
light (Na3AIF6), Thiola Ito (Na5aluminum3F14), specific fluorides (NaF) and these mixtures, 
or a compound. As a material of a high refractive index layer used for a non-reforming 
layer. Fluoridation neodymium (NdF3), a fluoridation lantern (LaF3), fluoridation gadolinium 
(GdF3), They are one or more ingredients chosen from the group of a fluoridation 
dysprosium (DyF3), an aluminum oxide (aluminum203). lead fluoride (PbF2). oxidation 
hafnium (Hf02) and these mixtures, or a compound. 

[0022]As a substrate, when an optical member is an optical lens, It is usable also in the 
material which penetrates the laser beam of optical crystal materials, such as various glass, 
such as silica glass, fluorite, and magnesium flux, and when an optical member is a mirror, 
ceramics, silicon, silicon carbide, and tungsten other than the above-mentioned material 
are used from a viewpoint of a coefficient of thermal expansion and thennal conductivity. 
[0023] 

[Example]Next, the example of this invention Is described using drawing 3 . Drawing 3 is an 
outline sectional view of the half mirror for 0 degree of Example 1 . Lanthanum fluoride of 
optical thickness lambda / 4 which this half mirror set the quartz glass substrate 19 and the 
center wavelength to lambda= 193 nm, and was formed on this board 10 (it LaF-g and) The 
high refractive index layer 1 1 which consists of n= 1 .69, and optical thickness lambda / 4 
aluminum fluoride (it AIF-. and) It is the half mirror which comprised a mutual layer of seven 
layers of the low refractive index layer 12 which consists of n= 1.39, and the high refractive 
index layer which consists of lanthanum fluoride (LaF^) of the outermost superficial layer is 

a layer which carried out refining with high density. 

[0024]Next, the production procedures of a half mirror are explained using drawing 2 . First, 
after cleaning ultrasonically by preparing the quartz glass substrate 10, it set to the 
substrate holder provided in the vacuum chamber 21, and the substrate 10 was heated to 
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about 300 **. At this time, evacuation of tiie inside of tlie vacuum chamber 21 was carried 
out to 1x10"^orr. 

[0025]Evaporated the deposition material 23 which consists of lanthanum fluoride (LaF^) 
put on the deposition source (resistance heating boat) 22, it was made to disperse towards 
the substrate 10, and the high refractive index layer 11 which consists of lanthanum fluoride 
(LaF ) of optical thickness lambda / 4 was formed. The low refractive index layer 12 which 
consists of an aluminum fluoride (AIF3) film of optical thickness lambda / 4 was formed 
similariy. 

[0026]After repeating these processes 3 times, counting from the substrate side and 
forming even the 6th layer, It formed having turned to the substrate 10 the ion beam of 
energy 4microA/cm^ pulled out from the ion gun 29 in the high refractive index layer which 
consists of lanthanum fluoride (LaFg) of the 7th layer equivalent to the outermost superficial 
layer when forming optical thickness abbreviation lambda / 4, and irradiating with it. The 
spectral characteristic figure in theta= 0 degree of incidence angles of the half mirror 
manufactured in Example 1 is shown in drawing 4 . 

[0027]ln order to compare with the half mirror manufactured in Example 1, the half mirror 
with same lamination which formed membranes without using ion beam assist method, 
when forming the high refractive index layer which consists of lanthanum fluoride (LaFg) of 

the outermost superficial layer was formed (comparative example 1). The spectral 
characteristic in theta= 0 degree of incidence angles of the half mirror manufactured by the 
comparative example 1 is the same as drawing 4 . 

[0028]The cycle test which shows below the half min-or manufactured by Example 1 and 
the comparative example 1 was done, and the appearance change and the transmittance 
change of this half mirror before and behind an examination were investigated. Install the 
above-mentioned half mirror in a thermo hygrostat, and the inside of a thermo hygrostat 
over 2 hours from (1) room temperature First, the temperature of 80 **, After setting it as 
the atmosphere of 60% or less of humidity, maintain the state for 5 hours, (2) Continue, and 
over 2 hours from the state The temperature of 50 **, After setting up ******** of not less 
than 90% of humidity, the state was maintained for 5 hours, and it applied to the (3) last 
time from the state, and was set as atmosphere also -20 **, the back maintained the state 
as it was for 5 hours, and it waited for the inside of a homoiothermal highly humid machine 
to become a room temperature automatically after that [ (4) ]. 

[0029]As a result, although the half mirror manufactured in Example 1 is before and after an 
examination and there was no change in appearance in any way, appearance bloomed 
cloudy white and the examination back had devitrified the half min-or manufactured by the 
comparative example 1. The spectral transmission characteristic after the cycle test of the 
half mirror manufactured by Example 1 and the comparative example 1 is shown in drawing 
5. 31 is a spectral transmission characteristic after the cycle test of the half mirror 
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manufactured in Example 1 . 

32 is the light transmittance characteristic after the cycle test of the half mirror 
manufactured by the comparative example 1 . 

[0030]When drawing 4 a nd 5 are compared, it turns out that the half mirror manufactured in 
Example 1 does not almost have change of the spectral characteristic before and behind a 
cycle test, the half mirror manufactured by the comparative example 1 changes a lot before 
and after a cycle test, and the spectral characteristic is getting worse. 
[0031] 

[Effect of the lnvention]ln an ultraviolet region of 200 nm or less, the optical member 
concerning this invention can maintain a good optical property for a long period of time, 
without being restrained by the operating environment as explained above. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1l lt is the outline sectional view of an optical member in which the usable optical 
thin film was formed in the ultraviolet region concerning this invention. 
[Drawing 2] It is a mimetic diagram of the vacuum evaporator for ion beam assist method 
used with the manufacturing method of the optical member concerning this invention. 
[Drawing 3] lt is an outline sectional view of the half mirror for 0-degree incidence of 
Example 1 . 

[Drawing 4] lt is a spectral transmission characteristic figure of the half mirror for O-degree 
incidence of Example 1 . 

[Drawing 51 lt is a spectral characteristic figure after the cycle test of the half mirror for 0- 
degree incidence of Example 1 and a comparative example. 

[Drawing 6] It is a spectral characteristic figure in O-degree incidence of the mirror for 
ultraviolet area laser of the 1st conventional example. 

[Drawing 71 lt is a spectral characteristic figure in O-degree incidence of the mirror for 
ultraviolet area laser of the 2nd conventional example. 

[Drawing 8] lt is a spectral characteristic figure in the O-degree incidence after the use in the 
atmosphere which contained humidity for the mirror for ultraviolet area laser of the 2nd 
conventional example. 
[Description of Notations] 

1 ... Optical substrate 

2 ... Non-refining multilayer film 

3 ... Reforming layer 

10 ... Quartz glass substrate 

1 1 ... High refractive index layer (LaF^) 

12 ... Low refractive index layer (MgF2) 

21 ... Vacuum chamber 

22 ... Deposition source (resistance heating vessel (nickel boat)) 
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23 ... Deposition material 

26 ... Substrate holder 

27 ... Exhaust port 

28 ... Gas introducing pipe 

29 ... Ion source 



[Translation done.] 
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DRAWINGS 
rDrawing 1] 
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